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Abstract 
Traditionally a level and detail (Topographic) survey has been conducted through the use of either the 
modern day total station or GNSS receiver, or both. The aim will be to assess whether the Trimble 
V10 rover is an adequate tool for conducting a topographical survey under a tree canopy where it is 
near impossible to conduct a “normal” GNSS survey because of obstructions between the receiver and 
satellites, and compare this to current surveying methods when confronted with such a situation. 
Results will show differences in costing and time taken (both in the field and in the office) thus showing 
the feasibility of having such a piece of equipment and its “real world uses” when compared to more 
traditional surveying practices. 
Accuracy, cost and time of conducting a topographical survey will be broken down into its base 
components and a comparative review between the two separate methodologies of conducting the same 
survey will be assessed, reviewed and commented upon. 
The methodology used will be the survey of an area under a tree canopy utilising traditional survey 
methods and running a comparative survey while using the V10 imaging rover. The survey will be 
conducted, and marks placed in and around the survey area will be located for comparison. Each survey 
will be brought into our CAD based program (Trimble Business Centre) and once reductions are made, 
a comparison between the marks placed will be done. 
The results of this project show that it is plausible to utilise this technology for these purposes. While 
it is possible, it should be noted that there are many different variables involved, and by reading my 
report to gain a better understanding, I hope surveyors will be able to make that judgement themselves. 
 
Keywords: Survey, Trimble, V10 Imaging Rover, Terrestrial Photogrammetry, Total Station, 
Topography, GNSS, Trimble Business Centre.   
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Chapter One  Introduction 
 
 
1.1 Introduction 
 
As with any field which has developing technologies, we strive to make tasks more 
autonomous, user friendly, faster and easier to perform, all the while keeping the level of 
quality and accuracy as high as humanly possible. In such a technological based field, 
surveying is no different, and as new technology is developed, so too is the race to develop 
new ways to make use of this technology in everyday surveying.  
This report will look into the possibility of using Trimble’s relatively new V10 Rover as a 
new means in gathering data when conducting topographic surveys in/near tree canopied 
areas.  
In order for you to fully understand this report, you will need to have knowledge of 
topographic surveys, how they are conducted with both a Total Station and GNSS receivers 
together with both their strengths and weaknesses and an understanding of photogrammetry 
and its use to surveyors.  
The aim is to prove that it can be done, with accuracies the same or similar to present 
accuracies attained through traditional methods. If I am correct in my hypothesis, this could 
become a completely new method of gathering topographical data, save the surveyor time 
and effort in the field and open up a world of possibilities in many other areas which may 
not exist as ofyet. 
The main objective of this report is to help surveyors around the world understand that there 
may be other, easier ways to complete certain tasks, with lower costs with an enhanced 
interactive experience.  
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The Trimble V10 Imaging Rover is an integrated camera system that precisely captures 360 
degree panoramas for visual documentation and measurement of the surrounding 
environment. Together with a Trimble S-Series robotic total station, V10 spatial station or 
R10 GNSS receiver, the Trimble V10 Imaging Rover provides an efficient means to quickly 
capture rich data in the field, perform measurements and modelling in the office, and create 
comprehensive deliverables. 
The literature that I will be discussing is more so about terrestrial photography and its 
relevance to topographical surveying, as yet, I have not been able to find much information 
pertinent to the Trimble V10 rover itself, although Trimble does offer current uses for the 
V10 rover on its website, until the device has been tried and tested on “the world stage” by 
academics and surveyors alike, Trimble’s account for its functionality should not be taken 
in too high regard.  
1. Terrestrial photogrammetry accuracies 
2. Terrestrial photogrammetry and topographical surveying 
3. Topographical surveying using GNSS 
4. Topographical surveying using total stations 
Cadastral surveying is the discipline of land surveying that relates to the laws of land 
ownership and the definition of property boundaries.  It involves interpreting and advising 
on boundary locations, on the status of land ownership and on the rights, restrictions and 
interests in property, as well as the recording of such information for use on plans, maps, 
etc.  It also involves the physical delineation of property boundaries and determination of 
dimensions, areas and certain rights associated with properties, whether they are on land, 
water or defined by natural or artificial features. (Surveyors Registration Board of Victoria, 
2015) 
 
ERP2016 Dissertation  Zaine Thompson 
Page 3 of 104 
 
It is important that we understand what it means to be a cadastral surveyor and what types 
of survey will generally be conducted under this particular field. More often than not, a 
topographical survey will be conducted by a cadastral surveyor.   
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1.2 Project Aim & Specific Objectives 
 
If successful in proving my hypothesis, it will be interesting to see if using the V10 rover 
will be utilised by more surveyors over the coming years, not only because of its potential 
use for what I am trying to test, but in many other environments and fields in the entire 
industry. The V10 opens up the possibility of someone with very little knowledge of 
surveying and its methods, to undertake a topographic survey, gathering the data, for a 
surveyor to later reduce in the office, and the surveyor will have real time photographs of 
the site, allowing them to understand exactly what has been captured, without ever really 
stepping foot on the project site in question.  
The unfortunate part, as with any dissertation, is the feeling as not being learned enough to 
be able to formulate a method, and thus results, from a strictly studies based stand point. 
Producing a report such as this has certain consequential effects on the industry if anything 
were to go awry and misleading due to any lack of knowledge. It should be noted, that the 
methodology for using and actually utilising the V10 rover in my scenario, can one day 
become a typical surveying practice, but at the moment it is only an idea, and should not be 
utilised until it has been tried and tested in many different situations. 
1.3 Consequential Effects and Responsibility 
 
The Surveyors Board of Queensland’s code of ethics (Surveyors Board of Queensland, 2010) 
found in Appendix 1 it is the surveyor’s responsibility that all work completed is of the 
highest standard, with the communities’ interest always taken into consideration. As per 
sections 2.2, 2.3 and 2.4 of the code I shall strive to know my competence levels, not taking 
on a task above mine own competence and undertake all tasks with the highest level of both 
professional and personal conduct. Under section 2.8 of the code, the natural and Built 
environment should be taken in high regard with special consideration of any environmental 
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effects that surveying works may have, and if so, reducing the effects of environmental 
damage should be of high importance. As always, the integrity and ethics behind every task 
completed should be taken into consideration and held in high repute. 
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Chapter Two  Literature Review 
 
 
2.1  Photogrammetry and Accuracies involved 
 
Photogrammetry has been used for many years in the surveying industry and can be defined 
as; The art, science, and technology of obtaining reliable information about physical objects, 
and the environment, through processes of recording, measuring, and interpreting images 
and patterns of electromagnetic radiant energy and other phenomena. (Manual of 
Photogrammetry, 4th Ed., ASPRS, 1980) 
 
The advantages of photogrammetry, its uses and relevance to the surveying industry far 
outweigh the disadvantages. When deciding “when Is the right time to implement 
photogrammetry”, the following factors should be considered: 
 It is a safe option in a hazardous area, as it can be completed from a distance 
 It is a cost efficient way of mapping large areas 
 Creates a photographic record of the site and surrounding area 
 Produces a Digital Elevation Model  
As of a 2006 article written by the Californian government describing Photogrammetric 
surveys (California Department of Transportation, 2006), the following was considered to 
be the main disadvantages of the use of photogrammetry if the survey presents the following 
conditions; 
 The accuracy required for the project is greater than the achievable accuracy with 
photogrammetric methods 
 The scope of the work is not large enough to justify the costs involved in performing 
the subsequent photogrammetric processes. 
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Six years on, I feel as though technology has come far enough to be able to combat these 
‘disadvantages’, how far, well that is what we are here to find out. 
 
In a recent journal published this year (Sapirstein, 2016) a table labelled as 
‘Photogrammetric errors reported in recent studies’ takes the results of 20 studies completed 
in the last eight years, all with equally comparative project scale and with an easy to interpret 
error achieved (in mm) when compared to Total Station (a) and Scanner (b) data. I have 
included this data as Appendix 2 
Although the compiled report was not conducted from a surveyors’ standpoint, where 
accuracy was key, many of the articles it lists have undertaken survey specific practices to 
test different photogrammetric principles and show a range of errors and discrepancies due 
to the different camera’s being used, the scale of each project and in some cases, broadcasts 
a sub millimetre error, which will be the difference between gathering the data through either 
the Total Station (a) or Scanner (b). This is a very promising article for my research, as, 
based on previous topographical surveys I have conducted, gathering data up to 20mm of 
accuracy can be seen as being accurate enough for this type of survey. 
Many of the studies conducted when the subject body was a ‘building’ and the scale was 
over a larger area, we can see that sub 30mm errors are common throughout. This will be 
extremely prevalent information for the rest of this report. 
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2.2 Topographical Surveying 
 
As defined by (Adobe Associates, inc, 2016) Topographic Surveys are used to identify and 
map the contours of the ground and existing features on the surface of the earth or slightly 
above or below the earth's surface (i.e. trees, buildings, streets, walkways, manholes, utility 
poles, retaining walls, etc.). If the purpose of the survey is to serve as a base map for the 
design of a residence or building of some type, or design a road or driveway, it may be 
necessary to show perimeter boundary lines and the lines of easements on or crossing the 
property being surveyed, in order for a designer to accurately show zoning and other agency 
required setbacks. 
 
Topographic Surveys require "bench marks" to which ground contours are related, 
information regarding surface and underground utilities, determination of required setbacks, 
etc. 
 
Figure 2.1 - Bench Mark (Z Thompson, 2016) 
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Through the use of topographic surveys, we can accurately show land form (with contours) 
for a specific area, in great detail. A “bench mark” is generally surveyors’ mark which has 
been cut into a wall, pillar, building or placed as securely as possible in the ground. It has a 
fixed set of coordinates associated to it and has been as accurately surveyed as possible 
(Generally through the use of Total Stations to find the horizontal coordinates and a digital 
level for the vertical coordinates). 
 
There are various different methods for ascertaining the data for a topographical survey, 
photogrammetry has been used for quite some time in order to gather data over extremely 
large areas, however, when a topographical survey is completed in a smaller area for 
cadastral purposes, it is generally done with the use of either a GNSS (Global Navigation 
Satellite System) receiver or a Total Station, both sporting their own advantages and 
disadvantages with varying accuracies, and it is generally up to the surveyor at the time to 
make an assessment as to which method they use.  
 
Figure 2.2 - DTM from aerial photogrammetry 
(Uysal, Toprak, & Polat, 2015) 
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Once the data has been gathered through one of the varying methods, it is reduced through 
the help of software and a DTM (Digital Terrain Model) is formed. A DTM is a model of 
the terrain which has been surveyed and shows the rise and fall of the land in digital form. 
After producing this DTM a surveyor can choose to do many things with this information, 
such as create a topographical map of the surveyed area. An example of a typical DTM 
which has been created through the use of aerial photogrammetry with a UAV has been 
included. 
 
 
Figure 2.3 - Contours shown in 2D (Pro17 Engineering, 2016) 
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2.3  Surveying using the Global Satellite Navigation System 
 
The Global Satellite Navigation System (GNSS) more commonly known by Global 
Positioning System (GPS) in the past is a highly advanced system of satellites which are run 
by many different countries and private enterprises the world over, which allow for the 
general public (whom has access to receivers) to get precise point positioning for x,y&z 
values with extremely high accuracy.  
GNSS is a satellite system that is used to pinpoint the geographic location of a user’s receiver 
anywhere in the world. There are three main segments that make up the GNSS as identified 
in USQ’s course SVY1110 – Introduction to GPS (University of Southern Queensland, 
2013); 
1. The space segment 
2. The control segment 
3. The user segment 
2.3.1. The Space Segment involves information which relates to the satellites, their orbit, 
speed location etc. for the purpose of this report we will not need to look into this segment. 
2.3.2. The control segment involves information which relates to the tracking of said 
satellites, maintaining accuracy, timing and course projection. For the purpose of this report 
we will not need to look into this segment. 
2.3.3. The user segment relates directly to this report. We as surveyors are the end user of 
this technology and only need look into the accuracy of our receiver to make sure that it 
correlates with the local surveyors’ authority in possible error. 
Differing accuracy is achievable depending on the type of receiver, observation technique 
and processing procedure used. USQ conducted a test of different receivers using different 
observation techniques and gathered their results into the following table; 
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Figure 2.4 - Approximate horizontal accuracy (m) (2D RMS) (University of Southern Queensland, 
2013) 
Attached to the results was “Depending on satellite geometry, in general the vertical 
accuracy is from 1.5 to 5 times worse than the horizontal accuracy” thus it should be noted 
that GNSS is not the best tool for gathering vertical information.  
Due to there being a large number of observation techniques utilised by surveyors, it should 
also be noted that RTK (Real Time Kinematic) will be the sole observation technique 
throughout this project. It is the most commonly used method of observation with GNSS 
receivers for both ‘stop and go’ (contour and detail pickup) and ‘continuous’ 
(photogrammetric control and defining linear features such as roads), thus other observation 
techniques will not be looked into. 
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Figure 2.5 - Typical RTK rover configuration (University of Southern Queensland, 2013) 
RTK allows information from the base station to be processed in the receiver in real time. It 
is very useful for detail surveys. One of its major issues is multipath (bouncing of signal off 
street furniture). 
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2.4 Surveying using a Total Station 
 
Over the course of history, the profession of surveying saw many advancements in 
technology, and built equipment to suite. The modern day total station (jigger) has come a 
long way from the old theodolite and steel chain used decades ago. Total stations, combined 
with prism’s can perform many different tasks and aid surveyors in their work in much more 
than even they can possibly imagine. While a total station can be used to perform a wide 
range of tasks, at its core, when broken down, we can say that it performs two tasks, with 
extremely high accuracy. It can measure angles (between many points) and measure 
distances (between itself and a specialised prism) using EDME (electronic distance 
measurement). 
 
Figure 2.6 - Trimble S6 Total Station (University of Southern Queensland, 2014) 
By regulation, total stations must be inspected and corrected to tolerance at least once a year. 
The tolerance (allowable error) varies from product to product, but it is generally accepted 
as being menial/negligible as it is common practice to keep in mind that nothing is going to 
be totally accurate.  
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The use of Total station for topographic surveying is commonplace in the surveying industry. 
Although a total station will always have some form of error involved, for the purpose of 
this project, we will be using total station data as our control survey, thus, inaccuracies will 
be null and void and our total station data will be the benchmark for our tests in our 
comparative review.  
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2.5 Review 
 
In order to conduct a topographical survey using the V10 in conjunction with the R10 
GNSS receiver, disadvantages of current techniques and advantages of the new technology 
have to be assessed to prove viability. 
Table 2.1 - The advantages and disadvantages of detail surveys with a total station. 
Advantages Disadvantages 
Utilised by the broad surveying 
community 
Expensive 
Understood to be accurate and acceptable Bulky with lots of pieces of equipment 
Easily understood with minor instruction 
required for new personnel in the field 
Limited to line of site 
Safe Limited to where control is placed and 
inaccuracies of traversing through multiple 
stations 
Pickup of only what is required Can have disastrous implications if 
equipment is bumped 
Reduction is simple Time consuming pickup on large jobs 
 
Table 2.2 - The advantages and disadvantages of detail surveys with a GNSS receiver. 
Advantages Disadvantages 
Utilised by the broad surveying 
community 
Expensive 
Understood to be accurate and acceptable Possibility of multipath error from 
obstructions 
Easily understood with minor instruction 
required for new personnel in the field 
Limited to line of site to satellites 
Safe Can have disastrous implications if 
equipment is bumped or dropped 
Pickup of only what is required Trees greatly affect signal quality and 
accuracies 
Reduction is simple Possibility of the satellites being 
inaccessible due to uncontrollable events 
(war) 
Compact  
Can move about the site freely and have 
large distances between control and survey 
site 
 
Pickups on large sites can be done faster 
through the use of vehicles 
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Table 2.3 - The advantages and disadvantages of detail surveys with a GNSS receiver paired with a 
V10 
Advantages Disadvantages 
Inexpensive if an R10 is already in the 
inventory 
New technology 
No possibility of loss of signal to satellites 
as all shots are taken from an area not 
covered by tree canopy 
Possibility of multipath error from 
obstructions 
Easily understood with minor instruction 
required for new personnel in the field 
Reduction of data is time consuming due 
to computer processing of 
photogrammetric points 
Safe Can have disastrous implications if 
equipment is bumped or dropped 
Pickup of entire site for future reference Needs a specific controller to use 
Pickup is quick and easy Possibility of the satellites being 
inaccessible due to uncontrollable events 
(war) 
Compact  
Can move about the site freely and have 
large distances between control and survey 
site 
 
Pickups on large sites can be done faster 
through the use of vehicles 
 
 
While it may not seem as though there are large differences between the different 
methodologies in advantages and disadvantages, it should be noted that all methodologies 
do require almost identical type surveys to be conducted and the only difference therein 
lies in the equipment being utilised, which all has the same type of ease of use to pick up 
and reduce data due to it all being manufactured by the same company to undertake the 
same task. 
The major advantage of using the Trimble V10 over a generic GNSS survey is that, in only 
using the GNSS receiver, parts of the site may be impossible to pick up due solely to tree 
canopies. The V10 is unobtrusive, sits just under the R10 and can be utilised at any point. 
This opens up a world of possibility for the surveyor as they will no longer need to have 
their $50 000 total station on standby in order to complete the survey.  
The major advantages of using the Trimble V10 in conjunction with the R10 over a generic 
survey using a total station is that, the time taken in order to gather all the data over a 
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whole site is much greater using a total station, and there are limitations as to what data is 
obtainable from specific stations due solely to line of site, which is an important issue in a 
high vegetation environment.  
The disadvantage of using the V10 over other methodologies is time taken in the office. 
Reducing the data of a topographic survey using either R10 or total station is quick and 
easy, the points file is not too large and can be computed in a matter of minutes. Because 
the V10 takes 12 high quality photographs from each surveyed station, the reduction of the 
data is a very labour intensive task on the computer, and can quite often cause the program 
to crash due to graphics limitations.  
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Chapter Three  Methodology 
 
3.1  Method to be used 
 
Direct testing will be the only way through which we will be able to verify our hypothesis. 
A mock survey will need to be performed in an area well suited to conditions which will 
need to meet a pre-defined set of conditions. Once a specific location has been chosen, a 
baseline topographic survey will need to be completed through the use of a total station. Pegs 
will be placed in and around a subject area which will make up a reliable test scenario. Once 
this survey has been completed and compiled, the DTM will become somewhat of a baseline 
or reference survey. Our second survey will be conducted with our GNSS/V10 receiver, the 
results between the location of the pegs picked up with the two different pieces of equipment 
will be identified, proving whether or not a DTM will be able to be constructed from this 
data thus proving the hypothesis. A detailed listing of methodology has been listed below; 
1. Research and understand all relevant theory involved in and around the Trimble V10 
rover 
2. Have a reasonable understanding of terrestrial photogrammetry and its uses toward 
topographic surveying 
3. Have an understanding of the general hardware and software that I will require 
throughout the testing of my dissertation 
4. Conceptualise an appropriate area to undertake all testing 
5. Organise to borrow equipment for the use of a ground based survey 
6. Gather data in the correct method, firstly base data, then comparative data in order to 
ascertain results 
7. Organise the use of appropriate software in order to reduce all collected data 
8. Reduce collected data 
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9. Analyse collected data and complete a comparative review of base data vs test data 
10. Review results, record and publish results to this report. 
3.2 Equipment 
For this project I will not only require the survey specific equipment, but also other 
equipment which will help me undertake the survey.  
3.2.1 Survey 
All pertinent equipment will be leased out by the University of Southern Queensland, if not, 
I will endeavour to get a hold of Trimble to lease out the equipment required which includes; 
 Trimble V10 Rover 
 Trimble Robotic Total Station 
 Trimble R10 GNSS Receiver 
 Typical survey based equipment 
(tripod, stakes, measuring tape, etc.) 
 
 
 
 
 
  
Figure 3.1 - Trimble 
S6 Total Station 
(Trimble Navigation 
Limited, 2016) 
Figure 3.2 - Trimble 
R10 GNSS Receiver 
(Trimble Navigation 
Limited, 2016) 
Figure 3.3 - Trimble V10 Receiver (Trimble 
Navigation Limited, 2013) 
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3.2.2 Software 
In order to reduce any of the data after collection I will require access to Trimble Business 
Centre (TBC). Unfortunately, as an external student at the USQ, I do not meet the 
requirements to get a licence through the university. I have been in touch, however, with 
Chris Power at UPG (Ultimate Positioning Group - https://www.upgsolutions.com/ who 
have gratefully provided me with a month licence for TBC. 
Microsoft office has become a staple program among students, and will be utilised for this 
report. 
3.2.3 Resource Analysis 
Table 3.1 - Resource Requirements 
ITEM REQUIRED FROM 
Trimble V10 Imaging Rover USQ 
Trimble R10 GNSS Receiver USQ 
Trimble GNSS 2m Pole USQ 
Trimble Controller USQ 
Trimble Robotic Total Station USQ 
Trimble Traversing Set USQ 
Tripod Legs (1-3) USQ 
Pegs and GI Nails for control marks USQ 
Sledge Hammer USQ 
Measuring Tape (8m) USQ 
Survey Ribbon USQ 
  
High Powered PC (Able to run TBC) Zaine Thompson 
Trimble Business Centre UPG & Trimble 
Camera (capture proceedings) Zaine Thompson 
Vehicle to transport equipment to allocated site Zaine Thompson 
 
As can be seen above, mostly all requirements are covered either by USQ having supplied 
the equipment, or myself. There are however some exceptions. 
UPG have provided me with a month licence for me to do my project work and data 
reduction. I have had access to all equipment and software thanks to UPG and USQ. 
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3.3 Site specification/Study area 
 
The site will need to meet a predetermined set of requirements, which not only test the V10 
in the natural built environment, but also represents a typical location that a topographic 
survey would take place, and make it somewhat difficult for the surveyor to complete due to 
the terrain, tree coverage and location. The site will need to be; 
1. Of appropriate size in a suburban environment where a topographical survey would 
normally be required if work were to be conducted. 
2. Have a diverse range of furniture to pick up, as well as a variable and changing 
landscape 
3. Have an area which has a dense tree canopy for a specified distance greater than 20m 
long and be greater than 10m wide, with an open view to satellites when standing 
away from the drip line of the tree canopies 
4. Have a changing modulating topography to test the equipment to the extents of its 
capabilities. 
5. Place marks in the ground to create a partially controlled test. 
6. The site has been selected and is located at 121 Baker Street, Darling Heights, 
Toowoomba.  
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Figure 3.4 - Proposed Survey Site (Google, 2016) 
 
Figure 3.5 - Proposed survey site (Standing East, looking North West) (Thompson) 
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Figure 3.6 - Proposed survey site (Standing West, looking North East) (Thompson) 
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3.4 Data Collection 
 
The collection of data has been made utilising both sets of equipment.  
3.4.1 Total Station 
By setting up the total station on peg #1 by resection, back sighting to PM 40833 and PM 
40835 I was able to setup the jigger without much difficulty and quite accurately, one 
important note is that due to inaccurate target heights, the whole project was brought down 
by 0.280m by editing the RAW data. This has no consequences upon the quality of the data, 
it does however mean that the survey will not be on AHD, the whole survey will be below 
AHD by 0.28m. I commenced placing stations in and around my project area (pegs which 
would be stable to compare levels off of) and conducted topographic survey of the area using 
the total station. Time taken for the Total Station field survey of the entire site was 3 hours. 
The following drawings describes said survey. 
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Figure 3.7 - Visual representation of conducted survey (Thompson) 
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Figure 3.8 - Visual representation of conducted survey 
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3.4.2 GNSS receiver with V10 Rover 
Upon completion of my topographic survey using the total station I conducted the same 
survey with the GNSS receiver paired with the V10 rover. By using the USQ’s base 
(ANANGA1), RTK was established and check shots were taken on the same PM’s as used 
previously. On the pegs that were placed which had no obstructions, I took a shot on with 
the GGNSS receiver. Then by walking parallel to the tree line and taking ground shots, the 
V10, in theory, should pick up all the data under the tree line. Time taken to conduct survey 
was 30 minutes. 
 
Figure 3.9 - Pickup using the V10 
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3.5 Data Reduction 
 
3.5.1 Data Reduction of Total Station survey 
1. The whole job file from the total station survey should be exported from the faceplate of 
the S6 total station 
2. The points file from the total station survey was imported into Trimble Business Centre 
through the use of the import function in the program 
3. A quick review was done to make sure everything had been imported correctly 
4. The accuracy of the survey was double checked against the locations of the two PSM’s 
compared to where the targets were setup on 
5. A points file of easting, northings and vertical levels with codes was created for later 
review 
6. This concluded the total station reduction. Time taken to reduce the data was 30 minutes. 
3.5.2 Data Reduction of V10 survey 
1. Upon completion of reducing the total station survey, the job file from the V10 survey 
was exported to the V10’s designated controller 
2. Both the photo control stations (17) and their corresponding panoramic photographs 
were imported into the same job as used to reduce the total station data for ease of 
analysis later on.  
3. The process of importing the data was very time consuming (30 minutes) 
4. After importing the V10 data into TBC, the “V10 workflow tab was made more easily 
accessible 
5. To reduce this data, firstly the photographs have to be matched and rendered.  
6. Stations views were created at each photogrammetric station 
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7. All the photo stations should be given an adjustment type; the adjustment should be set 
to a “Full Orientation” setup type. This adjusts the stations compass and tilt values, while 
holding the 3D coordinate of the station fixed. 
8. After setting the adjustment type, an automatic tie point adjustment was conducted. After 
pressing the button “Find Tie Points” in TBC, the program goes through each pixel in 
each photograph to distinguish common features which it can then utilise to tie the survey 
together. As I was not using photogrammetric targets this process took around 2 hours 
to complete. 
9. Due to the amount of stations and bad geometry, it was necessary to run this reduction a 
number of time as well as computing manual tie points within the survey in order to 
finish the adjustment. This took a further 3 hours. 
10. After the adjustment had been completed, TBC automatically computes a results of the 
adjusted photo stations. These help provide a metric analysis of the quality of the 
adjustment.  
11. Additional results were accessed by opening the “Terrestrial Bundle Adjustment Report” 
window in TBC. 
12. The panoramas were then processed and stitched together to make for better viewing. 
13. Finally, by panning through the environment in Trimble Business Centre, points were 
created on all of the pegs through the use of a pixel picker in the program. 
14. By then creating a points file for these points identified on top of the middle of the pegs 
as accurate as possible, an analysis can be conducted between the pegs measured with a 
total station, and the pegs measured through the use of the V10 and identified in TBC. 
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3.6 Achieving Results and Analysing 
 
Results can be found under Chapter 5 Results and Discussion. By identifying the difference 
in accuracies, a reliable solution between the two methodologies can be shown, and a proof 
can be concluded. 
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Chapter Four Results and Discussion 
 
 
The assessment between our two methods of the gathering of data will be done in two stages. 
Firstly, the viability of control will be assessed, by checking differences in both horizontal 
and vertical, the horizontal and vertical position of arbitrary marks placed on the ground will 
also be checked for accuracy, This will form my main “proof” to dictate the viability of the 
survey, as the main aim in any survey is accuracy, and by comparing the accuracy of the 
pegs placed on the ground, essentially, the accuracy over a whole site utilising the two 
different methods can be understood. Secondly, a cost and time evaluation between the two 
separate methodologies will be done. Lastly, if time permits a DTM (Digital Terrain Model 
– 3-dimensional representation of the terrain) will be created using the two separate datasets, 
the DTM will be contoured as this will be a visual representation of the same surface, 
measured through the two separate methods. 
Please refer to Appendix 5 for all point data. 
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4.1 Survey 
 
The survey using the two separate methodologies went well overall. The following table 
shows the major differences between the two methodologies in variable constraints 
Table 4.1- Differences between field surveys 
 Using Total Station Using V10 
Time taken to conduct field 
survey 
3 hours 30 minutes 
Ease of survey Moderate Easy 
Equipment required for 
survey 
 Total Station 
 Survey controller 
 3 x Tripod 
 2 x Prism’s & tribrach’s 
 Survey pole & 360 
prism 
 Other 
 R10 GNSS Receiver 
 V10 panoramic camera 
 Survey controller 
 V10 survey pole 
 Other 
 
As can be seen from the table above, gathering data with the V10 is much faster than by 
using the traditional method of pickup with total station., by doing detail over the entire site 
with the total station, there is no need of a revisit, sometimes this does take a significant 
amount of time more than perhaps getting a few required points, but as with surveying, 
revisiting a site to get one more shot on something will always be more painstaking than just 
going the extra mile at the time and getting more than what is required. Through using the 
V10, setup was easy, the checks were easy to conduct in the field and the entire survey was 
easy, because at each photo station a full 360-degree photograph is taken, there is no need 
to revisit the site as you are then able to create points on any of the visible area’s in the 
photographs.  
This methodology will be a far cheaper option for those looking at conducting this type of 
survey on a daily basis, it limits the use of the total station to almost negligible, and, if need 
be, the buying of a total station could be totally ignored to reduce costs and improve profits. 
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4.2 Reduction 
 
Table 4.2 - Differences between reductions of survey 
 Using Total Station Using V10 
Time taken to conduct 
reductions 
30 minutes 5+ hours 
Ease of reductions Easy Moderate/Time consuming 
Possible processing power 
required by computer 
Low High 
 
The amount of time taken to reduce the data is an extremely important aspect and will be 
discussed later in Chapter 5. 
 
Figure 4.1 - Terrestrial adjustment results 
The above results showing the accuracy of the terrestrial adjustment is an automatic table 
created within TBC to allow the surveyor understand the quality of their adjustment. The 
different scores represent a scoring out of 10 on different variables, being; 
1. Station geometry 
This is a metric for how large the angles are between connected stations. Connected 
stations being those which share tie points. 
2. Observations accuracy 
This is a metric for how accurately observations have been made. Multipath reflections 
and weak satellite coverage can lead to poor RTK position observations. 
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3. Tie point distribution 
This is a metric for how evenly tie points are distributed. Poor distribution causes 
station resections and tie points in sparse areas to be less accurate. 
4. Tie point geometry 
This is a metric for how large the angles are between photogrammetry observations to 
the same tie points. When a lot of the tie points have small angles, it tends to make the 
adjustment less stable and less accurate. 
5. Tie point redundancy 
This is a metric for how much redundancy is present in the tie point observations. 
Without redundancy, the software cannot detect certain blunders. It should be noted 
that it is common for redundancy to be low when tie points are found automatically.  
Due to this, the reduction and adjustment of the V10 survey was accurate and good enough 
to create a points file on the pegs placed.   
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4.3 Quality of Control 
 
Table 4.3 - Control Evaluation 
*(T) = Shot with Total Station 
*(G) = Shot with GNSS Receiver 
POINT CODE EASTING NORTHING RL ∆HZ ∆VZ 
40833 PSM (T) 394200.967 6946401.086 693.664   
2000 PSM (G) 394200.986 6946401.115 693.658 0.035 -0.006 
40834 PSM (T) 394236.379 6946459.108 693.863   
2001 PSM (G) 394236.386 6946459.114 693.865 0.009 0.002 
40835 PSM (T) 394256.528 6946492.489 693.837   
2002 PSM (G) 394256.532 6946492.482 693.846 0.008 0.009 
AVERAGE OVER CONTROL MARKS STORED 0.017 0.006 
 
Firstly, I will address table 7. The purpose of table 7 is to provide a representation between 
the data gathered from the Total Station and the GNSS receiver. It is an assessment of how 
accurate the GNSS fix is, and thus, how viable the proceeding survey conducted was. 
Although coming back quite well, the 35mm in horizontal difference between PSM40833 
located with the Total Station and point 2000 located with the GNSS receiver. This error can 
be put down too many different variables, it was my first point stored using the GNSS 
receiver, so I may not have waited long enough for an accurate fix, PSM40833 is surrounded 
by large bushy trees which, too, may have played an integral part in this error of 35mm. But 
at the end of the day, this report is here to identify the differences between the two 
methodologies in a “real world” environment, and discrepancies like this are an integral part 
of surveying, so I am happy to accept this differential, because, although being out, my other 
control marks have come back quite reasonable, thus, I see this as being an isolated error. 
When averaged out the delta’s come back under tolerance when using a GNSS receiver in 
normal conditions. What is more interesting is the differences between heights (RL’s) of the 
three stations. Because this survey is being mainly conducted as a topographic survey, with 
the goal to create a DTM of the area, heights play an integral role in the evaluation between 
the two survey methodologies, so I am very glad to see, at this early a stage, the differentials 
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between station heights being so low, under 10mm is very desirable when considering GNSS 
and all its theoretical errors that are present. 
It should be noted once again, that although I have used PSM’s and their coordinates, this 
survey does not fit on AHD as heights have had to be changed due to an early error on my 
part, due to wrong target heights. The whole job has been dropped 0.280m, thus not affecting 
the survey, except holding that all points will not be on AHD. 
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4.4 Quality of Marks Placed 
 
Table 4.4 - Control Pegs Point Evaluation 
*(T) = Shot with Total Station 
*(G) = Shot with GNSS Receiver 
*(P) = Shot with V10 Receiver 
POINT CODE EASTING NORTHING RL ∆HZ ∆VZ 
1 PEG (T) 394164.565 6946530.821 691.321   
2010 PEG (G) 394164.503 6946530.849 691.352 0.068 0.031 
2 PEG (T) 394176.898 6946538.130 691.495   
2011 PEG (G) 394176.860 6946538.184 691.516 0.066 0.021 
3 PEG (T) 394144.149 6946517.090 690.881   
2012 PEG (G) 394114.072 6946517.080 690.882 0.077 0.001 
       
AVERAGE OVER CONTROL PEGS PLACED BETWEEN 
GNSS & TS DATA 
0.071 0.018 
       
5 PEG (T) 394166.180 6946518.033 691.612   
4020 PEG (P) 394166.161 6946518.026 691.612 0.020 0.000 
6 PEG (T) 394170.499 6946506.197 691.903   
4023 PEG (P) 394170.475 6946506.266 691.863 0.073 -0.040 
7 PEG (T) 394172.025 6946503.393 692.488   
4024 PEG (P) 394172.002 6946503.376 692.433 0.029 -0.055 
8 PEG (T) 394176.735 6946512.665 692.477   
4021 PEG (P) 394176.738 6946512.686 692.441 0.022 -0.036 
9 PEG (T) 394174.601 6946516.562 691.749   
4022 PEG (P) 394174.596 6946516.575 691.737 0.014 -0.012 
 
AVERAGE OVER CONTROL PEGS PLACED BETWEEN V10 
& TS DATA 
0.032 0.029 
Table 8 gives us two different, yet, relatable sets of data. This data can be more easily 
represented in the below graph. 
 
Figure 4.2 - Differences between marks placed 
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4.5 Review of Results 
 
These results have been achieved after conducting the survey using the two separate 
methodologies, reducing all the data and doing a direct comparison between these two sets 
of data. A full discussion of these results will take place in Chapter Six under discussion, 
however, I would like to address this data very briefly to discuss the technicalities.  
Through placing pegs both in and out of the tree line I was able to have a network of “control” 
pegs which I was able to check upon utilising firstly the GNSS receiver, and eventually the 
V10 under the tree canopy, I am left with a situation on which I can base my findings. It 
should be noted that in this situation, the accuracy and precision of total stations are not 
brought into light as I am assuming my survey done with the total station is wholly correct, 
due solely to the fact that it is accepted by the broader surveying community to be ‘the’ most 
accurate way to gather this kind of data.  
After establishing that my control came back within tolerance. I am then left to distinguish 
the accuracy and precision of my V10 survey. Because I am ignoring errors from my total 
station survey, we have to understand that there is a 10 – 20mm possible error in these 
readings for whatever reason. Furthermore, we should also understand that in general GNSS 
topographical surveys there is the possible of errors, generally around the +-30mm mark 
depending on many factors, and can sometimes be worse when considering vertical readings. 
Finally, we have to take into consideration the errors that come into effect in terrestrial 
photogrammetric surveys. With three lots of possibilities in error in all axis’ I believe that 
my differential over all marks placed all comes back within tolerance, even with some very 
large outliers.  
In figure 17, the x axis is the pegs placed and their corresponding point number, the y axis 
represents a difference in mm, where the horizontal line at zero is a points location picked 
up with the total station and the distance from that its differential off the control. The blue 
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columns represent the differential in the horizontal direction, which is why all the 
differentials are in the positive. The orange columns represent the differential in the vertical 
direction (which is more important to us when considering topographical surveying) and 
ranges between being above the control by a certain distance and below the control.  
The largest outlier in the horizontal was around the 75mm mark and the larges outlier in the 
vertical was around 55mm. Although being substantially large, and this large an error would 
not meet standards when conducting topographical surveys, it should be noted that these are 
the outliers. The smallest outlier in the horizontal was 14mm and the smallest outlier in the 
vertical was zero mm, going to show, that there is an issue on accuracy of the pickup. 
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4.6 Costing and Time 
 
While it can be quite difficult to get an accurate costing on different pieces of equipment in 
the surveying industry due to resellers pricing each item dependent on a specific client, and 
the manufacturer not providing a recommended retail price for their items, creating an 
accurate costing differential between these two methodologies can be quite difficult, 
especially because some of the equipment that I used is approximately 4 years old, and 
while it might have had a retail price of $50 000 when new, and still be worth this much to 
a surveyor, when sold second hand we might only expect $15000 - $25000 or $10 000 
when traded in for a new instrument.  
While it can be quite easy for a surveyor to pick up second hand total stations for this 
price, I have decided to use a total stations and GNSS receiver’s worth to an individual 
surveyor as the basis for which I base my assessment. My reasoning for this is, when a 
surveyor buys a new total station for $50 000, the total station is worth this much to the 
individual surveyor. As time goes on and new models are released and depreciation affects 
the worth of the instrument, after four years the instrument might only have a resale value 
of say $25 000. However, the surveyor, having bought their instrument four years ago for 
its full price, is still using their instrument the same way they have been every day for the 
past four years, the performance of the instrument has not depreciated over time and it still 
meets the needs of the surveyor, the surveyor has no need of a new total station, thus, their 
total station may have a market value of $25 000 but has a worth of $50 000 to the 
individual, because if the surveyor were to loose use of the instrument for whatever reason, 
they would then have to go and spend another $50 000 on a new instrument to perform the 
same tasks.  
The time that it takes to conduct a survey plays an integral role in the costing of different 
jobs and thus the buying of the equipment to suite surveyors needs. The following two 
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tables firstly look into the pricing of the different equipment for the two different survey 
methodologies, and secondly look into the amount the two surveys took, keeping in mind 
that time plays a very important factor in surveying. 
 
Table 4.5 - Cost/Time table 
Item V10 Survey Total Station Survey Cost (Approx.) 
Total Station  X $50 000 
GNSS Receiver X  $25 000 
V10 Panoramic camera X  $15 000 
Pole  X X X 
360 Prism  X $800 
Sets of legs (x3)  X $500 
Prism (x2)  X $1000 
Survey Controller X X X 
Miscellaneous X X X 
    
TOTAL total station survey  X $52 000 
TOTAL V10 survey X  $40 000 
    
TIME    
Total Station field survey  X $300 
Total Station office 
reductions 
 X $50 
V10 field survey X  $50 
V10 office reductions X  $500 
    
TOTAL total station survey  X $350 
TOTAL V10 survey X  $550 
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4.7 Discussion 
 
4.7.1 Survey 
The actual survey itself went well overall, there were no issues with either survey, and the 
results obtained from the survey were not impacted in any way by outside effects. I believe 
that the time it took me to conduct each survey could be decreased by a fraction over time 
after getting to know the equipment and gaining more first-hand field experience. If I was to 
make a comment on the difference on the ease of conducting either field survey, I would 
definitely say that conducting the topographical survey with the V10 was by far a simpler 
and faster method.  
4.7.2 Reductions 
The reduction of each survey had their own positives and negatives respectively. While the 
reduction of the total station data is fairly simple and non-time consuming, if just one point 
was missed, or was picked up wrong, this requires another site visit. The reduction of the 
V10 data was not a difficult one, it was a little more challenging than that of the total station 
data, but after some time, it would not be challenging, the only issue with the reductions is 
the processing time taken by the computer in order then create points was a lengthy one. 
Obviously, things as such can be mitigated and worked around by the surveyor and each 
person would have to create a solution to this problem that best works for them. My 
recommendation in such a situation would be to leave the program to process the data over 
night. This allows the surveyor to not require too much processing power from the computer 
throughout the day when they might be required to perform other tasks, and less can be 
charged to the client for processing time, as the computer is processing information when it 
would otherwise be sitting in the office not doing anything.  
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Beside the time taken to process the data, I more prefer the usable data presented after 
reductions have occurred from the V10 data over the total station data. Because the data is 
gathered from photographs, the options for creating points on features is virtually limitless, 
with the only restriction then coming from how far marks are placed from the nearest photo 
station. This allows the surveyor to spend less time in the field and more time in the office 
with less of a chance of missing points, and even when a point is missed, simply opening the 
program and measuring to the missing feature solves this issue and avoids a site revisit. 
4.7.3 Control 
Control used were local PSM’s in the area, as seen from table 7 the control of the survey 
was accurate and thus proved the legitimacy of the survey. By checking on three different 
control marks with my resection and with the GNSS receiver I was able to confirm my datum 
and thus my pegs placed under the tree canopy in having an accurate fix.  
4.7.4 Pegs Placed 
All pegs placed were placed in varying locations where the topography of the ground was 
changing and diverse, i.e. pegs were placed at the bottom of a bank, top of the bank, behind 
trees, clearly visible from all stations etc. In doing so I was hoping for as much of a real 
world scenario as possible and tried to place all pegs in areas that would generally need to 
be located as such.  
All of the pegs have been given coordinates from stitching that has been conducted in the 
Trimble Business Centre program. It should be noted that each time an iteration is conducted 
by the program, we will see different results, and that this iteration has only been conducted 
once. If the same process were to take place in many different occasions, utilising the very 
same data, it would not be uncommon to see different results on each occasion.  
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It should also be noted once more that all the pegs placed were placed arbitrarily, in doing 
so, none of the pegs placed had a positioning up until they were picked up using the total 
station. This does not have any effect on our results, only in that, if the pegs were to be 
relocated once more with total station, we might see differences due to another setup, with 
different instruments with different types of accuracies. As mentioned previously, this has 
no effect on my results due to the fact that I am comparing data picked up with total station 
to that picked up with V10 and so where the pegs lie in the real world have little to no 
relevance except to have been there on the day of the surveys. 
One thing that I do think I should have done, although it would not have impacted on my 
actual survey too severely would have been to have placed more pegs in and around the 
surveyed area. This would have helped confirm my findings, as, while having ten pegs 
placed in the area is an accurate representation for an area of roughly 200 square meters, it 
is not enough pegs placed to get a substantial understanding of the results, except for them 
being simplified and easily understandable. 
Another possibility for error could have been that all pegs were only located from one station 
with the total station, in order to reduce all risks of error, another station should have been 
placed and the pegs should have been located from this second station in order to confirm 
their location picked up with the total station.  
The overall results from the two methodologies was extremely exciting, although not having 
high expectations due to having read different articles relating to terrestrial photogrammetry 
over the past year, seeing my verticals come back at an average of around 30mm was 
extremely pleasing. I was not only able to confirm that this type of survey is possible. But 
also establish that through the use of the V10 with the R10, we may see a new way of 
conducting this type of survey, without the purchase of a total station.  
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With the average vertical data coming back within tolerance and the average horizontal data 
coming back just outside of tolerance, I believe that I have proved that this type of 
technology is able to be used in a daily setting when conducting this type of survey where 
accuracy is not so key but general landform and topography are the main concern.  
4.7.5 Costing & Time 
If a surveyor were to conduct a large topographic survey with the use of a GNSS receiver, 
they would be expected to have a total station with them in order to gather any missing data 
that was impossible to have been picked up with the GNSS receiver for whatever reason. 
With this method of using the V10, the surveyor no longer needs rely on having the total 
station with them, but only a small camera which sits just under the R10 GNSS receiver. 
In my costing/time (table 9) above I have gone through and identified the initial costs 
required in order to conduce the survey with the two separate methodologies. If a surveyor 
chooses only to use a total station, the time taken to complete the field survey is far greater 
than completing the survey using only GNSS. However, the issue lies then, when the 
surveyor is unable to complete the survey due to obstructions, whether they use the V10 or 
the traditional total station approach. If the surveyor only owns a GNSS unit to conduct their 
survey, but are required to purchase a piece of equipment if this scenario were to occur, then 
purchasing the V10 is by far the cheaper option as it would only cost the surveyor an 
additional $15 000 instead of an additional $50 000.  
Also looked into was the costing of the survey itself based upon hours worked and a rate of 
$100/hr. In this particular case, the V10 survey did take more time, and thus, costed more 
than the traditional survey, however, it should be noted that the V10 field survey took a 
substantially less amount of time, and the reason the V10 office work took so long to reduce 
can be brought down to computer performance and did not actually require personnel 
feedback at the station while the reductions were being made. Making the V10 office work 
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the same length of time as the traditional survey, when subtracting the amount of time, the 
computer can be left alone to perform its reductions.  
This leads me to state that the V10 survey in all areas is the more viable option when it comes 
to costing. If the surveyor were to choose to use this method, they will be effectively saving 
themselves tens of thousands of dollars, having not purchased a $50 000 piece of equipment.  
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Chapter Six  Conclusion 
 
6.1 Conclusion 
 
To conclude, it is a viable option to use the Trimble V10 Imaging rover in conjunction with 
an R10 GNSS receiver for the purposes of data collection under dense tree canopies in 
accordance with the necessary accuracies involved in a generic topographical survey. This 
report, hereby confirms the application, but does include constraints and limitations which 
should be taken under due consideration.  
While I have proven that the V10 is an accurate tool for the purposes of gathering 
topographic data under dense tree canopies, it should be noted that this survey has been 
completed in one specific environment and this environment had an adverse appeal to this 
type of survey. As the surveying methodology will remain the same, yet the environment in 
which the survey will be conducted will no doubt change on a daily basis, it is difficult to 
guarantee the same type of results in any given environment.  
If utilising this technology for the first time in personal surveys, I would highly recommend 
the testing of the equipment in the first few surveys to see that it not only meets accuracy 
standards, but too, meets personal and company standards. Results should be put forward to 
a group such as LinkedIn so that more and more surveyors can understand the strengths and 
limitations of the technology to its full.  
As the technology becomes cheaper, more accessible and more accurate, this technology 
will be a definite contender in undertaking topographic survey’s. With technology and 
especially surveying specific technology advancing at an alarming rate, it is our duty as 
surveyors, to not only be sceptics as many would happily portray to the wider community, 
but to also be initiators of new technology. I feel as though it is general practice in surveying 
to shun, talk down and disregard new technology for many years before it becomes an 
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accepted surveying practice and utilised by the majority. We have a duty, to not only 
ourselves, but the broader surveying community to try and test these new pieces of 
equipment, and if they do not meet our expectations, then to push the manufacturers to create 
a product with which we can work with in our daily tasks. 
Through this report I hope that I have opened the publics eyes on the uses/possible uses of 
these new technologies and hope that they will walk away with more knowledge and 
possibly come up with new ideas on which they can implement this technology. It has never 
before been so easily accessible to gather terrestrial photogrammetric data, it is this ease 
which I hope will push the next generation of surveyors to utilise this new type of equipment 
and incorporate into their jobs. 
To reiterate, the Trimble V10 can be used for such a task, but is still limited to many factors, 
I recommend that whomever uses this technology, identifies all these factors and makes sure 
they are happy with the accuracy they are achieving before moving forward with any 
works/projects. 
 
6.2 Further Work 
 
Further work in the field is quite extensive, while having proved the viability of the 
equipment for such a task, I feel as though this piece of equipment could be used in 
countless different scenario’s. In terms of my project, further work can definitely be 
undertaken. One of my main gaols when beginning the project was to have created a 
surface from both sets of data and done a volumetric comparison between these two 
surfaces. Unfortunately, due to licencing and lack of knowledge, I was unable to create a 
surface, however I have included a preliminary photograph of a surface which I managed 
to take and is included as Appendix 6. Other further works could have been to have paired 
the V10 with the total station and run another set of data from this. There is nothing to 
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confirm my findings throughout this project and all data is all relative to itself. To fully 
prove my findings, I would recommend conducting the same survey once more with 
different setups in order to create a set of un-relatable data which will be independent to 
this report.   
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Appendix A 
ENG4111/4112 Research Project 
Project Specification 
For:   Zaine Michael Thompson 
Title: Integration of Trimble V10 Imaging Rover with R10 GNSS receiver for data collection 
under dense tree canopies. 
Major: Surveying 
Supervisor: Dr Zhenyu Zhang 
Position: Lecturer (Surveying and Spatial Science)  
Section: School of Civil Engineering and Surveying 
Phone: +61 7 4631 1980 
Email: Zhenyu.Zhang@usq.edu.au 
Enrolment: ENG4111 – EXT S1, 2016 
ENG4112 – EXT S2, 2016 
Project Aim: To assess the feasibility of using the Trimble V10 Rover to conduct high accuracy 
topographic surveys under tree canopies, compared to usual surveying methods. 
Programme: Issue V5, 10th October 2016 
1. Research into the current uses of the V10 Rover 
2. Review current standards set by the Surveyors Board of Queensland for topographic 
surveys and a list of the equipment which can be utilised 
3. Identify the methodology for the undertaking of a majority of the testing and a generic 
location suited to this proposal 
4. Conduct a topographic survey with all aforementioned equipment to Surveyors Board of 
Queensland’s specifications 
5. Reduce gathered data and prepare for evaluation 
6. Evaluate all differences at each specified marker and identify accuracies and inaccuracies. 
7. Compare results and liaise with USQ Professional Staff to discuss main aspects of reduced 
data 
8. Write the report on my findings and identify pros and cons of using the V10 rover in such 
an environment 
9. Advise Trimble and UPG on the possibility of using the V10 rover for this purpose 
If time and resources permit: 
10. Compare results with that of other photogrammetric means (i.e. terrestrial 
photogrammetry) and a change of location  
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Appendix 1 
1.1. The Profession 
Professionals are distinguished by certain characteristics including: 
 mastery of a particular intellectual skill, acquired by education¬† and training; 
 acceptance of duties to the community as a whole in addition to duties to the client or 
employer; 
 an outlook which is essentially objective; and 
 rendering personal service to a high standard of competence, conduct and performance, for 
which they can be personally liable. 
1.2. The Public Interest 
The surveyor’s role in the public interest poses several ethical obligations with regard to the 
exercise of professional duties. Clients and the public at large must be able to rely on the 
objectivity and integrity of the surveyor in rendering professional opinions regarding spatial 
information and data. Professional surveyors recognise that their ethical responsibilities 
extend to the public, to their clients and employers, to their peers and to their employees. 
Accordingly, they acknowledge the need for integrity, independence, care and competence 
and a sense of duty. 
1.3. Reasons For A Code 
The Code of Practice for Surveyors provides benefits for consumers of spatial information 
including survey services specifically and to the community in general. The record of 
surveys through the data depicting those surveys provides for public confidence in surveying 
and surveyors. The Code of Practice for Surveyors may be supported by a range of technical 
standards and a level of directions and guidelines in support of the accepted rules governing 
the practice of surveying. 
2. The Code 
2.1. Survey Standards 
Surveyors shall abide by the survey standards and survey guidelines prescribed at an 
international, national and state level as they apply to surveys being undertaken by the 
Surveyor. 
2.2 Professional Competence 
In general, surveyors shall assist in maintaining the integrity and competence of the 
surveying profession, their own competence and also improving survey systems, and must: 
(a) Abide by the principles and standards of professional practice and apply best practice. 
(b) Not accept assignments beyond the surveyor‚Äôs professional competence, unless 
making satisfactory arrangements to engage persons appropriately qualified. These 
arrangements will address the question of responsibility and liability to the client. 
(c) Be competent and maintain competence to ensure the capacity of the surveyor to continue 
to provide high quality advice to the client and to safeguard the community interest. 
(d) Maintain, for as long as is practicable and for a reasonable time, adequate records directly 
pertinent to the surveys undertaken, whilst in control of those records. 
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(e) At all times, serve the client or employer with integrity and diligence and to the best of 
their knowledge and ability. 
(f) Not accept assignments that a competent surveyor could not reasonably expect to 
complete in a timely and professional manner. 
2.3. Professional Conduct 
Surveyors shall assist in preventing unauthorised practice of the profession, and shall: 
(a) Only sign a certificate, report, or plan relating to work that was completed and prepared 
by the surveyor personally or under the surveyor’s supervision. 
(b) Assume professional responsibility for all works carried out under their control and 
direction. 
(c) Where the surveyor becomes aware of a significant error in a survey undertaken by the 
surveyor, correct the error. 
(d) Not knowingly enter into any arrangement that would enable any unauthorised person or 
unauthorised body corporate to practice the profession of surveying directly or indirectly. 
(e) Inform their clients or any relevant party of any conditions, requirements, limitations or 
assumptions arising from the implementation of their instructions or enquiries or imposed 
from any other source as may affect the conduct of the work, or relate to or qualify the data 
provided as a result of that work. 
(f) Not knowingly make false or misleading statements in relation to the practice of 
surveying. 
(g) Take all necessary steps to complete instructions promptly and inform clients of any 
significant delays, the reasons for those delays, and any actions to be taken to rectify same. 
(h) Not claim the work of another person, body or authority as their own. 
(i) Not falsify any plan, document or data or knowingly misuse any data or deliberately 
misuse their position to achieve a predetermined result which is: 
(i) Inconsistent with normally accepted survey practice; or 
(ii) Has been specified by the client or a third party. 
(j) Not knowingly become an accessory to a misdemeanour by failing to report what appears 
to be a breach of the Act or Regulation. 
(k) Employ the expertise of others when their knowledge and ability are inadequate for 
addressing specific issues. 
(l) Act in accordance with the Codes of Ethics of the relevant professional associations. 
(m) Consider the appropriate level of insurance for the surveying service being provided by 
the surveyor. 
2.4. Personal Conduct 
Surveyors shall maintain the dignity of the profession in association with clients and 
colleagues, and shall: 
 
ERP2016 Dissertation  Zaine Thompson 
Page 57 of 104 
 
(a) At all times abide by the highest moral, ethical, business and professional standards and 
should avoid any conduct which would knowingly or reasonably be expected to bring the 
profession into disrepute. 
(b) Not further the application for registration and endorsement by the Board of any person 
known by the surveyor to be unqualified or unsuitable for such advancement. 
(c) Not knowingly make false or misleading statements which would injure another person 
or surveyor. 
(d) Fully co-operate with any request for information or directives, where a complaint has 
been lodged or a prima facie breach of the Surveyors Act and / or Code of Practice for 
Surveyors has been determined, unless advised or prevented from doing so for legal reasons. 
2.5. Client Relations 
Surveyors shall preserve the confidences of clients and regard as privileged, all information 
regarding the affairs of clients, and shall: 
(a) Maintain confidentiality with respect to the client’s business affairs. 
(b) Act with loyalty to clients and not take any action which would serve to disadvantage the 
lawful and correct interests of their client save that they should exercise a duty of disclosure 
where such is necessary in the interests of integrity or in the public interest generally. 
(c) Where possible injury could occur to the public, recognise the interests of the community 
as being paramount and resolution should be sought within the area of responsibility or 
jurisdiction of the surveyor. 
(d) Establish and maintain a system, within their company, firm or organisation, for the 
internal resolution of disputes with clients or other members of the public affected by the 
surveyor‚Äôs professional conduct. 
(e) Where a dispute relates to the surveyor‚Äôs professional conduct, as defined in 
the Surveyors Act 2003, provide the complainant with a written statement to the effect that if 
they are dissatisfied with the outcome of the internal dispute resolution process, the 
complainant may take their complaint to the Surveyors Board of Queensland. Such a 
statement is to be accompanied by all current contact details of the Board. 
2.6. Conflict of Interest 
Surveyors shall at all times act with propriety and exercise unbiased independent 
professional judgment on behalf of clients, and should represent clients competently, and 
shall: 
(a) Where possible, avoid or attempt to manage, conflicts of interest and compromising 
situations. 
(b) Disclose to clients any potential conflicts of interest, affiliations, or prior involvement 
that could impair the quality of services to the client. 
2.7. Employees 
Surveyors, as employers, shall: 
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(a) Assume responsibility for all work carried out by their professional and other staff and, 
where appropriate, by contractors and subcontractors. 
(b) Assist their employees to achieve their optimum levels of technical or professional 
advancement in relation to the requirements of the position in which they have been 
employed. 
(c) Ensure their employees have working conditions and remuneration at least in accordance 
with relevant awards or employment contracts. 
(d) Cultivate integrity and an understanding of the professional obligations of surveyors to 
the community in their employees. 
2.8. Natural And Built Environment 
Surveyors shall approach environmental concerns with perception, diligence and integrity, 
and shall: 
(a) Develop and maintain a reasonable level of understanding of environmental issues and 
the principles of sustainable development. 
(b) Bring any matter of concern relating to the physical environment and sustainable 
development to the attention of their clients or employers. 
(c) Include the principles of environmental sustainability among the essential factors used 
for project evaluation. 
(d) Where possible, ensure that environmental assessment, planning and management are 
integrated into projects that are likely to impact on the environment. 
2.9. Business Practice 
Surveyors shall maintain appropriate standards of ethical business practice and shall: 
(a) Not make false or misleading statements in advertising or other marketing media. 
(b) Not, either directly or indirectly, act to undermine the reputation or business prospects of 
other surveyors by unfair, dishonest or derogatory conduct. 
(c) Not attempt to supplant by unfair, dishonest or derogatory actions, other surveyors whom 
have current agreements with their clients. 
(d) Provide and maintain safe working practices and workplaces. 
3. Administering the Code 
3.1. This code shall be administered by the Surveyors Board of Queensland. 
3.2. It is the responsibility of the Board to provide publicity and reporting on the Code to include: 
(a) Monitoring of adherence to industry standards of quality, safety and conduct and 
compliance with the principles and procedures of the code; 
(b) Publicity and education programs; 
(c) Confirmed breaches of the code and the remedial action taken; 
(d) Steps taken to address identified systemic complaints; 
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(e) Statistics on complaints and disputes, and their resolution, classified in appropriate detail; 
(f) Costs and other details of administration; 
(g) Continuous improvement in code principles and administration. 
3.3. It is the responsibility of the Board to review and amend the Code.  
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Appendix 2 
Accuracy table taken from the Journal of Archaeological Science which looks into accurate 
photogrammetry at large sites. 
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Appendix 3 
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Appendix 5 
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Appendix 6 
Screenshot taken directly from TBC showing a preliminary surface of the chosen site. 
 
